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What is claimed is: 




1. A method for forming a top metalization system for high 
performance integrated circuits, comprising: 

forming an integrated circuit comprising a plurality of devices 
formed in and on a semiconductor substrate, with an overlaying 
interconnecting metalizNation structure connected to said devices 
and comprising a plurality of first metal lines in one or more 
layers; 

depositing a passivation lay^r over said interconnecting 

/ 

metallization structure; 

/ 

depositing an insulating, separating layer over said passivation 
l^yer that is substantially thicker than said passivation layer; 
forming openings through said insulating, separating layer and 
said passivation layer to expose upper metal portions of said 
overlaying interconnecting metalizatic&n structure; 
depositing metal contacts in said openiVgs; and 

forming said top metalization system connected to said overlaying 
interconnecting metalization structure, wherein said top 
metalization system comprises a plurality ofV top metal lines, in 
one or more layers, each of said top metal liAes having a width 
substantially greater than said first metal lintes. 
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within the range of approxiW'^cy 0.5 to 1.5 hours said curing to 
occur within a vacuum or nitrogen ambient . 



20. The method oA claim 16 wherein said insulating, separating 

i I / — * 

layer is subjec|^^o multiple processing steps of spin on 
coating and cunitg,:; 



21. The method Vf claim 20 wherein said insulating, separating 





layer after each process step of said spin on coating is cured at 
a temperature withrn the range of approximately 250 to 450 
degrees C. for a time; withiif the rajigfe of approximately 0.5 to 
1.5 hours said curing fthe ocbuAw^Tiin a vacuum or nitrogen 
ambient . 

22. The method of claim 1 whVrein said openings have an aspect 
ratio within the range sjof^arppAximately 1 to 10 . 



23. The method of claim 1 wherein \aid metal contacts are 
selected from a group comprise sputtered aluminum, CVD tungsten, 
CVD copper, electroplated copper and ^ectroless nickel. 

^23 . The method of claim 1 wherein said metal contacts comprise 
damascene metal filling ' ^ - 
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2. The method of claim 1 wherein the top metalization system 
connects portions ofjsaid interconnecting metalization structure 
to other portions of said interconnecting metalization structure, 



3. The method of claim 1 Wherein said top metalization system 
comprises signal lines that are substantially wider than lines in 
said interconnecting metalization structure. 

4. The method of claim 1 whe\rei i s^Ld ton/metalization system 
comprises power planes having pbwerl buses that are substantially 
wider than lines in said intei\comiecting metalization structure. 



5. The method of claim 1 whereim said top metalization system 
comprises ground planes~Tiaving gAound buses that are 
substantially wider than lines in\said interconnecting 
metalization structure . 



6. The method of claim 1 wherein said\ top" metalization system 
comprises planes that contain both signal lines and power buses 
that are substantially wider than lines in said interconnecting 
metalization structure . 



28 



MSL98-002C 



* 



7. The method of \claim 1 wherein said top metalization system 
comprises planes Vhat^contain both signal lines and ground buses 
that are substantially wider than lines in said interconnecting 
metalization structure, 



8. The method of claim 1 wherein said top metalization system 
comprises planes thatVcontain both power buses and ground buses 
that are substantially^ wider /th^n lines in said interconnecting 
metalization r structure, 




9. The method of claim 1 wherein/ said overlaying interconnecting 



metalization structure comprises electrical contact points. 

10. The method of claim 9 wherein the size of said contact 
points is within the range of approximately 0.3 urn. to 5.0 urn. 

11. The method' of' claim 1 wherein said passivation layer 
comprises Plasma Enhanced^CVD (\?ECVD) oxide. 



12. The method of claim^ l* n wherein\ said passivation layer 
comprises Plasma Enhanced CVD (PEQVD) nitride. 



13. The method of claim 1 wherein said passivation layer, 
comprises a layer within the range of approximately 0.15 to 2.0 
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urn of Plasma Entranced CVD (PECVD) oxide over which a layer within 
the range of approximately 0.5 to 2.0 urn PECVD nitride is 
deposited. 



14. The method of claVm 1 wherein said insulating, separating 
layer is a polymer dielectric layer or any other appropriate 
insulating material. 




15. The method of claim l^&here^n sjaid insulating, separating 
layer comprises polyimide, 




16. The method of claim JU^liertein said insulating, separating 
layer comprises the polymer beniocyclobutene (BCB) . 




17. The method of claim ^wherein Wid insulating, separating 
layer is of a thickness after curing within the range of 
approximately 1,0' to 3 0 urn. 

18. The method of claiCmi ly^herein said insulating, separating 
layer is spin-on coatijbd^alid cured. 



19. The method of claii/ 1 Vherein said insulating, separating 
layer after said spin-on coating is| c^ired.at a temperature within 
the range, of approximately 250 \o 4&0l degrees C. for a time 




30 



MSL98-002C 



t 



25. The method on claim ^J^v/herein said top metalization system 
comprises contact pads on the top metal layer whereby said 
contact pad can comprise any appropriate contact material, such 
as but not limited t© tungsten, chromium) copper (electroplated 
or electroless), aluminum, polysilicon, or the like. 



26. The method of claim u wherein said top metal layer comprises 
contact pads, said contact pads comprising signal connection pads 
whereby said signal connection pids^can comprise any appropriate 
contact material, such as b^t noti lVrfrrfed to tungsten, chromium, 
copper (electroplated or electroless) , aluminum, polysilicon, or 
the like. 



27. The method of claim 1 whereiVi said top metalization system 
contains contact pads on the top metal layer, said contact pads 
containing signal connectTorPpads in addition to power and ground 
connection pads whereby said signal\connection pads can comprise 
any appropriate contact material, su<\h as but not limited to 
tungsten, chromium, copper (electropla\ted or electroless), 
aluminum, polysilicon, or the like. 



28. The method of claim 27 wherein said signal pads are mounted 
in the periphery of said ' < top metalization System and said power 
and ground connection pads are mounted within the area enclosed 
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by said signal pads Whereby said power and ground connection pads 
and said signal pads pn comprise any appropriate contact 
material, such as but Vnot limited to tungsten, chromium, copper 
(electroplated or elec^roless) , aluminum, polysilicon, or the 
like. 

29. A semiconductor device structure comprising: 
a semiconductor substrate pompr/srjjg semiconductor devices; 
an interconnecting metaliz^tionl st^hctur^r connected to said 
devices; 

electrical contact points on \ an upper top surface of said 
interconnecting metalization structure and connected to said 
interconnecting metalization structure; 

a passivation layer deposited oVer said interconnecting 
metalization structure and over Etaid electrical contact points; 
an insulating layer deposited ovar said passivation layer said 
insulating layer* being substantially thicker than said 
passivation layer; 

openings through said insulating la^er and through said 
passivation layer down to the upper Surface of said electrical 
contact points; 

metal conductors within said openings ;\ and 
an upper metalization structure connected to said metal 
conductors. 
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30. The method of claim 29 \ wherein the upper metalization 
structure connects porti,of*sV-of said interconnecting metalization 
structure to other portions \of said interconnecting metalization 
structure . 



mg lines formed 



31. The structure of claim 29\wherein said upper metalization 
structure further comprises: 
a plurality of insulating layeis; 
a plurality of structures of mepal 
between said insulating layers; 

a plurality of contact pads in ai{ upj^^ layer of said 
metalization structure; and 

a plurality of filled openings connecting said contact pads with 
one or more of said structures of metal interconnecting lines 
further connecting said contact padp with said electrical contact 
points. 



32. The structure of claim 31 whereby said metal interconnecting 
lines are signal lines, and are substantially wider than lines in 
said interconnecting metalization structure. 



33. The structure of claim 31 wherein said metal interconnecting 



lines are power buses, and are substantially wider than lines in 
said interconnecting metalization structure. 
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34. The structure of cilaim 31 wherein said metal interconnecting 
lines are ground busesl arfd^are^ substantially wider than lines in 
said interconnecting metalization structure. 

35. The structure of claim 31 wherein said metal interconnecting 
lines are a combination lof^sTgnal lines and power buses, and are 
substantially wider thanj lines in said interconnecting 
metalization structure. 




36. The structure of claim 31 Wherefin said metal interconnecting 
lines are a combination of power-cind ground buses, and are 
substantially wider than lp_nes in said interconnecting 
metalization structure . 



37. The structure of claim Bl wherein said metal interconnecting 
lines are a combination of signal and ground buses, and are 
substantially wider than linps in said interconnecting 
metalization -structure . 

38. The structure of claim 29\ wherein the size of said contact 
points is within the range of^Tapproximately 0.3 urn. to 5.0 urn 
whereby further whereby said contact points can comprise any 
appropriate contact material, Such as but not limited to 
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tungsten, copper (electroplated or electroless) , aluminum, 
polysilicon, or the li) 




39. The structure of claim V9 v^iere^rr^said passivation layer 
comprises a layer within the\rangH-/of approximately 0,15 to 2.0 
urn Plasma Enhanced CVD (PECVD) Xpxide over which a layer within 
the range of approximately 0.5 t\ 2.0 urn PECVD nitride is 
deposited. 



40. The method of claim\9 wherein ^i^J/insulating, separating 
layer is a polymer dielectivic lay^r or any other appropriate 
insulating material 



41. The method of claim 2^ wherein said insulating, separating 
layer comprises polyimide, 




42. The method of claim 29 wherein feai 
layer comprises the polymer benzocydlo: 



c^in^lating, separating 
utene (BCB) . 



43. The structure of claim-2-9""whereirk said insulating layer is of 
a thickness after curing within the rar^je of approximately 1.0 to 
30 urn. 
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44. The structure of cYLaim 29 wherein said openings have an 



aspect ratio within the\ range of approximately 1 to 10. 



such that each said electrical coitact 



interconnecting metalization Sjtruc^ur^ 



45. The method of claim 29 wherein said metal conductors within 
said openings through saiffl insulating layer and through said 
passivation layer connecting said electrical contact pads of said 
top metalization structure Vith ccmtaVt points of said 
interconnecting metalizatioi\ structured are constructed and routed 

ptrfnt of said 
is ^connected directly and 
sequentially with one electrical contact point of said top 
metalization structure thereby creating a fan-out effect for said 
electrical contact point of saicft interconnecting metalization 
structure whereby the distance between said electrical contact 
points of said top metalization structure is larger than the 
distance between said electrical contact points of said 
interconnecting metalization structure by a measurable amount 



46. The method' of claim 29 wherein saad the number of said 
electrical contact pads of^said upper Wetalization structure can 
be larger than v the number of said contact points of said 
interconnecting metalization structure tyy a considerable and 
measurable amount . 
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47. The nfethod of claim 29 wherein said metal conductors within 
said openings through said insulating layer and through said 
passivation \layer connecting said electrical contact points of 
said top meta\Lization structure with said contact points of said 
interconnecting metalization structure are constructed and routed 
such that each aaid electrical contact point of said 
interconnecting metalization structure is connected directly but 
not necessarily sequentially wj^tTT^ne electrical contact point of 
said top metalizatioV strucy 
effect for said electrical [contact poir 
metalization structure wher' 




creating a pad relocation 
tk of said interconnecting 
ance between said 



electrical contact points\bf s&4d t^p metalization structure is 
larger than the distance beVween said electrical contact point of 
said interconnecting metalization structure by a measurable 
amount whereby furthermore the\sequence or adjacency of said 
electrical contact points of saiM interconnecting metalization 
structure is not necessarily the s&me as the sequence or 
adjacency between said electrical contact points of said top 
metalization structure . 



48. The method of claim <-2-9~wherein said metal conductors within 
said openings through said insulating layeV and through said 
passivation layer connecting said electricaAcontact points on a 
top surface of said top metalization structureXwith contact 
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points of said interconnecting metalization structure are 
constructed and routed such that functionally identical 
electrical contact points of said interconnecting metalization 
structure are inter-connected and are connected with one 
electrical contact point or fewer electrical contact points of 
said top metalization structure thereby creating a reduction 
effect for said electrical contaczr€\points of said interconnecting 
metalization structure whereby fhe tf|umber of contact points for a 
particular electrical function ^ithih^&aid electrical contact 
points of said top metaliz\tion \trjcture is smaller than the. 
number of said electrical contact points of said interconnecting 
metalization structure by a measurable amount whereby furthermore 
the sequence or adjacency of Aaid electrical contact points of 
said interconnecting metalizatAon structure is not necessarily 
the same as the sequence or adja\cency between said electrical 
contact points of said top metaliVzation structure, 



>49. A method for forming a top metaYization system for high 
performance integrated circuits, comprising: 

forming an integrated circuit comprising a plurality of devices 
formed in and on a semiconductor substrate, with an overlaying 
interconnecting metalization structure connected to said devices 
and comprising a plurality of first metal lines; 
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depositing an insulating, separating layer over said 
semiconductor substrate; 

forming openings through said insulating, separating layer to 
expose upper metal portions of said interconnecting metalization 
structure; 

depositing metal contacts in said openings; and 
forming said top metallization system connected to said 
interconnecting metalization stri^ct^re, wherein said top 
metalization system comprises a £>lurllity of top metal lines, in 



one or more layers, having ^ wid^h su 
said first metal lines. 




>stan£lally greater than 1 



50. The method of claim 49 wherein said top metalization system 
comprises signal lines that are Substantially wider than lines in 
said overlaying interconnecting metalization structure. 

51. The method of- claim 4 9 wherein saVd top metalization system 
comprises power buses fcha-t— are substantially wider than lines in 
said interconnecting metalization struct 



52. The method of claim 49 wherein said too metalization system 
comprises ground buses feita-t-a-re substantial^ wider than lines in 
said interconnecting metalization structure. 
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53. The method of claim 4 9 wherein said top metalization system 
comprises planes that contain both signal lines and power buses 
that are substantially wider than lines in said interconnecting 
metalization structure. 

54. The method of claim ^49 wherein said top metalization system 
comprises planes that contain both signal lines and ground buses 
that are substantially wider than lines in said overlaying 
interconnecting metalization structure. 

55. The method- of claim^V wherein I said top metalization 
system comprises planes that contain both power buses and ground 
buses that are substantially^ wider than lines in said overlaying 
interconnecting metalization structure. 

56. The method of claim 4 9 wherein said overlaying 
interconnecting metalization structure comprises electrical 
contact points whereby said contact\ points can comprise any 
appropriate contact material, such ak but not limited to 
tungsten, copper (electroplated or eleptroless) , aluminum, 
polysilicon, 'or the like. 

57. The method of claim 56 wherein the siz^e of said contact 
points is within the range of approximatelyXo . 3 urn. to 5.0 urn. 
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58, The method of claim\4 9 further comprising depositing a 
passivation layer over s^Ld interconnecting metalization 
structure . 



59. The method of claim 58 wherein) said passivation layer 



comprises Plasma Enhanced CVD (vECVD) oxide. 

60. The method of claim 58 wherein\said passivation layer 
comprises Plasma Enhanced CVD (PECVDJ nitride. 





61. The method gfj claim 49 wherein said insulating, separating 
insulating material. 

62. The method of claim 49\ wherein said insulating, separating 
layer is selected from^the g^roup comprising polyimide and 
benzocyclobutene (BCB) . 




63. A method for forming a top metaLiztet>6n system for high 
performance integrated circuits, apm&zisinq: forming an 
integrated circuit comprising a plurality of devices formed in 
and on a semiconductor substrate, witi^i an overlaying 
interconnecting metalization structure\ connected to said devices 
and comprising a plurality of fine-wire Vnetal lines; 
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depositing a passivation layer over said interconnecting fine- 
wire metalization structure; 

depositing an insulating, separating layer over said passivation 
layer that is substantially thicker than said passivation layer; 
forming openings through said' insulating, separating layer to 
expose upper metal portions of said overlaying interconnecting 
metalization structure;! 




openings thereby raising a 

overlaying interconnecting 
surface of said insulating ,,, 
ig elevated interconnecting 



depositing metal contacts in 
plurality of contact points 
metalization structure to\ tl 
separating layer thereby 
metalization contact pointi; 
forming said top metalization system connected to said overlaying 
interconnecting i metalizatiom structure, wherein said top 
metalization system comprises a plurality of top wide-metal 
lines, in one or more layers, \having a width substantially 
greater than said fine-wire metal lines, wherein said top 
metalization system directly interconnects said elevated 
interconnecting metalization contact points thereby functionally 
extending or connecting said fin&-wire metal interconnects with 
said wide-wire metal interconnects thereby furthermore 
establishing electrical interconnects between multiple points 
within said fine-wire interconnect; 
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. The method of claim^3_wherein said top metalization system 
comprises signal lines\ that are substantially wider than lines in 
said interconnecting metalization structure. 



65. The method of claim 63t wherein said top metalization system 
comprises power planes that\ aref substantially wider than lines in 
said interconnecting metalization structure. 

66. The method of claim 63 whereirv skid top metalization system 



comprises ground planes that are\ substantially wider than lines 
in said interconnecting metalization structure. 

67. The method of claim 63 wherein said passivation layer 



comprises Plasma Enhanced CVD (PECVD) \oxide, 



68. The method of claim 63 wherein said passivation layer 
comprises Plasma EnhancecL-CVD (PECVD) nitride. 

J 

69. The method of cj.j^mf 63 wherein said insulating, separating 
layer is a polymer p^M.€cfrIc layer or any other appropriate 
insulating material, 





0. The method of claim 
layer comprises polyimide. 




rein said insulating, separating 
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71. The method of claim 63 wherein saicL insulating, separating 
layer comprises the polymer ^nzo<£}^obutene (BCB) . 

72. The method of claim 63 whereYn said insulating, separating 
layer is of a thickness after curing within the range of 
approximately 1.0 to 30 urn. 

73. The method of claim 63 wherein said insulating, separating 
layer is spin-on coated and cured. 

74. The method of claim £3— wherein said openings have an aspect 
ratio within the range of approximately 1 to 10. 




75. The method of claim €Q wl\er£in said metal contacts is 
selected from the group— eonftorising sputtered aluminum, CVD 
tungsten, CVD copper, electroplated copper, electroless nickel 
and damascene metal filling. 



76. The method of 



\ insulating, separa 
JVof said openings i' 




63 wherein said openings through said 
ayer have sloped sides' and wherein each 
r at its top. 



77. The method of claim 63 \heneby furthermore functionally and 




rletVii'z 



physically extending said toj\ rrtet&ii'zation system connected to 



said overlaying interconnecting metalization structure, wherein 
said top metalization system comprises a plurality of ground 
planes, in one or moie layers, wherein furthermore said 
overlaying interconnecting metalization structure directly 
interconnects a multiplicity of ground wires said ground wires to 
be connected with fine-wire ground wires thereby functionally 
extending or connecting aaid fine-^-re ground wire metal 
interconnects with said wi\de-wir£ metil ground wire interconnects 
contained within said top nktalibaticm system thereby extending 
the fine-wire ground wires ais contained\«-£hln the overlaying 
interconnecting metalization ^truc\u^ with said top metalization 
system. 

78. The method of claim_63 thereby furthermore functionally and 
physically extending said top metalization system connected to 
said overlaying interconnecting meAalization structure, wherein 
said top metallization system comprises a plurality of signal 
planes, in one or more layers, whereiin furthermore said 
overlaying interconnecting metalizatioVi structure directly 
interconnects a multiplicity of signal wires said signal wires to 
be connected with fine-wire signal wires\ thereby functionally 
extending or connecting said fine-wire signal wire ^netal 
interconnects with said wide-wire metal signal wire interconnects 
contained within said top metalization system thereby extending 
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the fine-wi^e signal wires as contained within the overlaying 
interconnecting metalization structure with said top metalization 
system. 



79. The method of dla±m-.63 thereby furthermore functionally and 
physically extending\^aid top |metalization system connected to 
said overlaying interconnecting m^tali/ation structure, wherein 
said top metalization system comprises a plurality of power 
planes, in one or more lasers, wi^rein furthermore said 
overlaying interconnecting nfcetalization structure directly 
interconnects a multiplicity af power wires said power wires to 
be connected with fine-wire pow^r wires thereby functionally 
extending or connecting said fineVwire power wire metal 
interconnects with said wide-wire rrffetal power wire interconnects 
contained within said top metalizatidn system thereby extending 
the fine-wire power wires as containedNwithin the overlaying 
interconnecting metalization structure w\th said top metalization 
system. 




